Abstract Patients with low-grade glioma (LGG) who are successfully treated with irradiation are at increased risk for cognitive and psychosocial late effects. Conformal radiation therapy (CRT) allows sparing of cognitive deficits, but how it affects emotional and behavioral functioning remains unclear. We performed a prospective longitudinal study of the emotional and behavioral functioning of pediatric patients with LGG in the first 5 years post-CRT. Ninety-five pediatric patients with LGG treated on an institutional Phase II trial (August 1997-June 2009) underwent neuropsychological assessments pre- CRT and 6, 12, 24, 36, 48, and 60 months post-CRT. Parent-reported scores on the Child Behavior Checklist (CBCL) were analyzed. Three competence scales (School Competence, Social Competence, and Activities), two summary scales (Internalizing Problems and Externalizing Problems), and two subscales of theoretical interest (Attention Problems and Social Problems) from the CBCL were used. Among 80 eligible patients [44 female, 68 white], 51 had pilocytic astrocytoma and 13 had optic pathway glioma. Mean age at diagnosis was 6.8 years (SD = 4.3 years) and at CRT initiation was 8.9 years (SD = 3.4 years). Before CRT, deficits were demonstrated on the competence scales (mean scores below normative mean) and the Attention Problems and Social Problems subscales (mean scores above normative means). This trend continued at 5 years post-CRT. Longitudinal trajectories of emotional and behavioral functioning were stable over 5 years. Emotional and behavioral deficits remain relatively stable over the 5 years post-CRT in patients with LGG, suggesting that CRT may not exacerbate pre-existing psychosocial difficulties in this population.
Introduction
Low-grade glioma (LGG; World Health Organization [1] Grade 1 and 2 tumors) is a heterogeneous group of pediatric brain tumors that account for 30-50 % of diagnoses [2] . Patients with cerebral hemispheric tumors and those involving the cerebellum are often treated successfully with gross-total resection and experience long-term, progression-free survival [3] . Those with unresectable tumors, most often involving the brainstem, diencephalon and optic pathways, may require adjuvant therapy or non-surgical approaches [2, 3] . Chemotherapy is recommended for young children to delay irradiation to minimize risk for late effects [2] . With the advent of new methods that spare normal tissues from radiation exposure, it has been proposed that the role of irradiation be re-evaluated [4] .
There is variability in development of cognitive, academic, and psychosocial late effects in patients with LGG.
Studies on long-term functional outcomes are conflicting, with some suggesting patients perform well [5, 6] whereas others report higher than expected rates of cognitive and psychosocial difficulties [7] [8] [9] [10] . Variability in functioning occurs in patients treated with surgery [6, 11, 12] as well as those treated with chemotherapy [13, 14] , irradiation [13, 15] , or combination.
This report is part of a series describing a cohort of patients with LGG who completed serial neuropsychological assessments on an institutional Phase II trial of photonbased conformal radiation therapy (CRT) [4] . The trajectory of cognitive [14, 16] and adaptive [17] functioning was previously reported, and suggested cognition is generally preserved in patients treated with CRT, though patients who are younger (\5 years) at CRT remain at risk for declines. Evidence from baseline assessments revealed pre-CRT factors such as tumor progression, surgical intervention, and treatment with chemotherapy may contribute to deficits [14, 17] .
We investigated the trajectory of emotional and behavioral functioning of these patients during the first 5 years after CRT. Previous studies have been predominantly cross-sectional and have not mapped functioning over time. The heterogeneous nature of this diagnosis makes it difficult to assess the influence of prognostic factors in the setting of multiple treatment modalities. We addressed this concern by limiting our sample to patients who received similar treatment doses and target volume margins and through the use of longitudinal follow-up. It was hypothesized there would be variability in functioning pre-CRT, but the trajectory of psychological functioning would be relatively stable over the 5 year study period.
Materials and methods

Participants and procedures
The current study included patients with LGG enrolled on a Phase II trial of photon-based CRT between August 1997 and June 2009 [4, 18] . Total prescribed dose was 54 Gy and clinical target volume margin was 1.0-0.5 cm. Inclusion criteria included age 1-25 years at study entry, biopsy-proven or neuroimaging diagnosis of localized LGG, and no prior irradiation or current chemotherapy. The study was approved by the IRB and informed consent was obtained. Indications for CRT included age C8 years at diagnosis, progression after chemotherapy, and the discretion of the multidisciplinary team, acute loss of visual acuity or inability to tolerate chemotherapy.
Patients completed neuropsychological assessments pre-CRT (baseline) and 6, 12, 24, 36, 48 , and 60 months post-CRT. For this study, patients were required to complete at least two assessments that included the child behavior checklist (CBCL) [19] . As the CBCL is a parent-completed measure, the use of English as a primary language by parents/caregivers was also required. The median number of evaluations completed was five (range 2-7).
Of 95 patients enrolled, 80 (84.2 %) met inclusion criteria for the current analysis. Of those not included, 11 completed no assessments and four completed one. There were no differences in demographic or clinical characteristics between patients included and not included.
Measures
The CBCL [19] is a widely-used parent-report questionnaire of emotional and behavioral functioning for children 4-18 years old. Open-ended and forced-choice questions combine to yield competence scales (e.g., grades, participation in clubs, frequency of peer interactions) designed to assess indicators of adaptive functioning, as well as scales more indicative of psychopathology such as withdrawn/ depressed (''would rather be alone than with others,'' ''cries a lot,'') or aggressive behavior (''argues a lot,'' ''gets in many fights''). The measure has been used to differentiate between clinically-referred and typicallydeveloping children in both clinical and research settings, and is ideally-suited to tracking functioning over time [19, 20] . Raw scores are converted to age-and gender-normed T-scores with a mean of 50 and standard deviation (SD) of 10. Thresholds for clinical significance (borderline and clinical range; indicative of a possible need for intervention) vary by subscale, but typically result from T-scores that are 1-2 SDs above (problem scales) or below (competence scales) 50. The CBCL demonstrates solid content validity, as well as construct validity with other measures of psychological functioning [20] . The measure is frequently used clinically and in research investigations with pediatric oncology patients [see 10, 21-23 for examples]. For this analysis, scales of interest included three competence scales (School Competence, Social Competence, and Activities), two summary scales (Internalizing Problems and Externalizing Problems), and two subscales of theoretical interest based on the literature (Attention Problems and Social Problems). The Attention and Social Problems subscales are not included in the overall summary scales.
Intellectual and adaptive functioning was also assessed. Baseline estimated intellectual function was assessed via the age-appropriate Wechsler scale: Preschool and Primary (ages 4-6; WPPSI-R [24] ), Child (ages 6-16; WISC-III [25] ) and Adult (age 16?; WAIS-III [26] ). Three subtests (Block Design, Similarities, Information) combine to derive an estimate of IQ using a formula provided by Sattler [27] . Baseline adaptive functioning was assessed via semi-structured parent interview, the Vineland Adaptive Behavior Scales [28] . Four subscales and an overall score are derived; the overall Adaptive Behavior Composite was used for analyses. Both IQ and adaptive measures yield an age-normed standard score with a mean of 100 and a standard deviation of 15. Longitudinal trajectories of intellectual and adaptive functioning for this cohort have been previously described [16, 17] .
Analyses
Descriptive analyses were conducted to characterize demographic, diagnostic, and treatment-related features at baseline. One-sample t-tests were used to compare mean scores with normative means at specific time points of interest (e.g., pre-CRT and 60 months post-CRT). Pearson correlations were used to evaluate associations between CBCL subscales and intellectual and adaptive functioning scores at baseline. Linear mixed models were used to investigate the longitudinal change in CBCL indices over time. For significant findings only, relevant demographic and clinical variables were entered into the model individually to investigate the effects of that variable on the baseline and longitudinal trajectory of the CBCL subscale. Frequencies were calculated to determine the percentage of the sample that exceeded expected clinical cut-offs on the CBCL at each time point. Table 1 provides demographic and treatment characteristics of patients. The majority of patients were female (55 %) and white (85 %). Average age at diagnosis was 6.8 years (SD = 4.3), and 8.9 years (SD = 3.4) at CRT. Thirty-two patients (40 %) underwent a biopsy, 32 (40 %) a sub-total resection, and 14 (17.5 %) did not receive any surgery. A third of the sample received chemotherapy. The majority of patients were diagnosed with biopsy-proven pilocytic astrocytoma (63.75 %) or neuro-imaging based optic pathway glioma (16.25 %).
Results
Patient Characteristics
Baseline functioning
Before CRT, mean parent-reported scores were lower on the Activities, Social Competence, and School Competence scales and higher on the Attention Problems and Social Problems subscales than normative means, suggestive of difficulties in these areas (Table 2 ). In contrast, parentreported scores were lower on the Externalizing Problems scale, and scores on the Internalizing Problems scale were similar to the normative mean, suggestive of age-typical functioning.
Baseline ratings were associated with several demographic and treatment factors. Children who underwent a biopsy had higher parent-reported scores on the Externalizing Problems scale than those who underwent subtotal resection (P = 0.004). However, children who underwent a biopsy were also engaged in more activities than those who underwent subtotal resection (P \ 0.001). Race was associated with variability across the competence scales, with black children engaging in fewer activities (P = 0.04), spending less time with peers (P = 0.04), and having more difficulty in school (P = 0.002) than white children. Scores on the School Competence scale were also affected by tumor location: patients with infratentorial tumors had more difficulties with school performance than children with cerebral hemispheric tumors (P = 0.04) and tumors involving the thalamus, hypothalamus, and optic pathways (P = 0.04). At baseline, females had more attention difficulties than males (P \ 0.05), as did those with a history of seizures (P \ 0.02). Other diagnostic and treatment-related factors including pre-CRT chemotherapy, extended time before radiation ([3 months), age at diagnosis or CRT, history of NF1 and VP-shunt placement were unrelated to baseline functioning.
Correlations were computed between baseline CBCL scores, estimated IQ and adaptive functioning ( Table 3) . The Competence Scales were significantly positively associated with baseline estimated IQ, such that higher IQ was associated with greater engagement in activities and with peers and better school performance. In contrast, Attention and Social Problems were negatively associated with baseline IQ suggesting children with lower baseline IQs were more apt to have difficulty paying attention and more peer issues. There was no significant association between IQ and Internalizing or Externalizing Problems.
Competence Scales were significantly positively correlated with the Adaptive Behavior Composite at baseline ( Table 3 ), such that higher parent-reported adaptive functioning was associated with better school performance and more engagement with peers and in activities. There was a trend (P = 0.06) for a negative relationship between parent-reported attention problems and adaptive functioning such that more attention problems were associated with poorer adaptive skills. There was no relationship between adaptive functioning and the Internalizing, Externalizing, or Social Problems scales.
Longitudinal trends
Longitudinal analyses revealed relative stability across all scales and subscales (Table 2, Fig. 1) . Although there was a trend toward an increase in parent-reported scores on the Attention and Social Problems subscales, these did not reach significance.
At 60 months post-CRT, patients had lower scores on the Externalizing Problems scale than the normative mean, suggesting fewer concerns than typically-developing children. Scores on the Internalizing Problems scale were similar to the normative mean. However, parents reported significantly lower rates of engagement for patients across the competence scales and higher scores on the Attention Problems and Social Problems subscales than the normative means (Table 2) , indicating more difficulties than typical for each subscale. More patients than expected were in the clinical range on the Internalizing Problems scale at 24 and 36 months post-CRT (9.52 %, n = 6, P \ 0.001 and 6.45 %, n = 4, P \ 0.03, respectively). In contrast, only one patient each at 24 and 48 months post-CRT was in the clinical range for Externalizing Problems. A significant percentage of patients were in the clinical range on the Social Problems subscale at 36 (7.58 %, n = 5, P = 0.004) and 48 months post-CRT (8.93 %, n = 5, P \ 0.001) and on the Attention Problems scale at 48 months post-CRT (7.14 %, n = 4, P = 0.01).
A significant percentage of patients were within the clinical range across the competence scales and across time points (Table 4) . For the Activities scale, a significant percentage of patients were in the clinical range at baseline, 12 and 60 months post-CRT. Similarly, a significant percentage of patients were in the clinical range on the Social Competence scale at 36 and 60 months post-CRT and in the School Competence scale at all the time points except 6 months post-CRT. These findings suggest that although mean scores were generally within normal limits, a notable percentage of patients experienced clinically-significant difficulties related to engagement in activities and with peers as well as difficulties in school. 
Discussion
Pediatric patients with LGG are at risk for emotional and behavioral problems. Previous studies have been inconsistent about factors associated with these concerns, with studies identifying diagnosis and treatment (e.g., surgical resection, chemotherapy, radiation therapy) as both risk and protective factors. In our prospective assessment, patients with LGG referred for CRT showed problems with emotional and behavioral functioning before receiving CRT, but deficits remained relatively stable through 5 years post-CRT. These findings suggest that CRT may not exacerbate emotional and behavioral problems in children with LGG.
Importantly, our data reveal that indicators of potential psychopathology, both internalizing and externalizing behaviors, were within normal limits both pre-CRT and at all points post-CRT. Specifically, mean scores on the Internalizing Problems scale were similar to the normative mean and those on the Externalizing Problems scale were below the normative mean both at baseline and at 5 years post-CRT, with no longitudinal change over time, suggesting no evidence of clinically-significant psychopathology in the population as a whole. Very few patients were in the clinical range at any time point before or after CRT. In contrast, indicators of competence and engagement in normal social and school activities were well below the normative means both at baseline and at 5 years post-CRT, and a significant proportion of patients were in the clinical range across the study period. This suggests that these patients were not engaging in school and social activities at the same rates as typically-developing peers. Relatedly, parents also reported difficulties with attention and social functioning.
The relative stability in emotional and behavioral functioning over time, coupled with the difficulties observed pre-CRT, begs the question of how a delay in CRT (by means of observation, multiple surgeries, and/or chemotherapy) could affect psychosocial outcomes. Notably, performance at baseline was primarily affected by nonmodifiable factors such as gender, race, and tumor location, and was also associated with intellectual and adaptive functioning. However, our previous analysis with these patients showed those who received chemotherapy before CRT had greater cognitive difficulties than those who did not [14] . While pre-CRT chemotherapy, extended time prior to CRT, and time since diagnosis were not associated with baseline ratings on the CBCL, we are not able to definitively state that there were no changes in functioning from diagnosis to our ''baseline'' assessment (an average of 2 years post-diagnosis). Although randomized trials of CRT versus chemotherapy might not be ethically prudent, it could be beneficial to prospectively follow groups of patients to determine the cognitive outcomes of patients undergoing surgery only versus those receiving chemotherapy and/or CRT. Importantly, long-term follow-up data (\5 years post-CRT) are not yet available. A recent review suggested the frequency of many adverse health and cognitive outcomes increases after 5 years post-diagnosis [8] . Thus, follow-up studies are essential to confirm the longterm outcomes of our patients and to ensure that CRT does not increase emotional and behavioral difficulties in longterm survivors, particularly when compared to other treatment modalities. When compared to normative expectations [19] , our patients had higher than anticipated difficulties in school competence in the years after receiving CRT. The School Competence scale assesses performance across academic subjects as well as history of grade retention or receipt of special education services [19] . Difficulties in school competence have also been found in patients with LGG treated with surgery only [10, 12] . These studies, coupled with our findings, suggest that patients with LGG need to be closely followed with regard to academic achievement and the need for special education services, regardless of treatment modality. We recommend all patients with LGG be referred for a neuropsychological evaluation after surgical resection, with the timing of continued follow-up determined based on clinical need.
Tumor location is highly associated with risk of functional deficits (e.g., visual impairment, endocrine issues, physical limitations) [2] , which may have an impact on academic outcomes as well as activity and/or social participation. As such, difficulties with school competence at the pre-CRT assessment and its significant association with tumor location and baseline IQ indicate the need for early assessment and intervention for all patients with LGG and particularly for those who undergo extensive surgical resections and/or treatment to delay radiotherapy. Although many interventions for children with brain tumors primarily focus on the off-treatment period, patients with LGG may be particularly amenable to earlier remediation services [29] . More specifically, providers may consider offering intervention with stimulant medication [30] or cognitive remediation [31, 32] shortly after diagnosis and/ or initial treatment. Such strategies may be particularly beneficial for those patients who require adjuvant therapies or those who have demographic or treatment factors (infratentorial tumor location, biopsy or subtotal resection, female, black) that were associated with more difficulties.
The current study has some limitations. First, findings relied primarily on a single measure of emotional and behavioral functioning, and may be strengthened by the inclusion of self-report or additional proxy report (e.g., teacher). The corresponding self-and teacher-report versions of the CBCL are available [19, 20] , but were not collected for this study. Parent and teacher ratings on the CBCL are moderately correlated [20] , suggesting adequate agreement between the two raters. The use of more symptom-specific measures (e.g., attention or academic functioning) may have also strengthened our findings, though correlations with baseline intellectual and adaptive functioning provide support for our conclusions. Third, this study in part relied on comparing scores with normative means. Although a comparison group of typically-developing children might not be ideal, future studies could consider alternative comparison groups such as patients with LGG treated with surgery alone. This would also serve to increase the generalizability of our findings to all patients with LGG, and not just those who required CRT. Fourth, though some patients were assessed shortly after diagnosis, a sizable proportion were either monitored and/ or received additional treatment, resulting in a mean interval of approximately 2 years between diagnosis and CRT. Therefore, our ''baseline'' assessment likely does not accurately reflect the pre-diagnosis functioning of our sample. Future studies should be designed that assess patients at diagnosis and then follow longitudinally, regardless of the treatment modalities ultimately used.
Our findings support consideration of photon-based CRT for patients with LGG who require adjuvant therapy. Indicators of emotional and behavioral functioning remained stable across the 5-year study period. Although mean scores were significantly higher than normative means, they were not clinically significant. Additional long-term follow-up studies are required to confirm stability in emotional and behavioral functioning post-CRT.
